Introduction: Pulmonary infiltrates in immunosuppressed patients are common. Yields from bronchoscopy with bronchoalveolar lavage (BAL) has been reported to be between 31 and 65%. The clinical impact of pneumocystis and viral Polymerase chain reaction (PCR) testing on BAL has not been extensively evaluated in a mixed immunosuppressed patient population. Methods: We performed a retrospective chart review of immunosuppressed adults with pulmonary infiltrates who underwent BAL at the University of Rochester Medical Center. Only one BAL per patient was included. We compared the rate of positive PCR testing to conventional testing. We then investigated factors associated with positive PCR testing. Finally, we assessed for changes in antimicrobial therapy after bronchoscopy. Results: Three hundred and fifty-nine patients underwent BAL with 249 patients having pneumocystis PCR testing and 142 having viral PCR testing. Pneumocystis identification occurred in 43 patients and viral species identification occurred in 56 patients. PCR testing increased pneumocystis identification compared to microscopy, 14% vs. 5%, p = 0.01, and viral identification compared to culture, 25% vs. 6%, p = 0.0001. Of the patients with positive pneumocystis PCR testing 49% had antibiotics stopped, 66% were started on anti-pneumocystis therapy, and only 6% did not receive treatment. There was no difference in the number of patients with antibiotics stopped based on viral PCR testing results. Discussion: PCR testing increases BAL yield in immunosuppressed patients compared to conventional testing. Pneumocystis identified by PCR only may cause a self-limited infection and may not require antimicrobial therapy. PCR testing should be included in the evaluation of pulmonary infiltrates in immunosuppressed patients.
Introduction
Immunosuppressed patients are susceptible to the development of infectious and noninfectious pulmonary diseases. Flexible bronchoscopy with bronchoalveolar lavage (BAL) is an important tool utilized to diagnose pulmonary disease [1, 2] . BAL has been reported to identify infection, malignancy, diffuse alveolar hemorrhage, or pulmonary alveolar proteinosis, in 65% of patients with mixed hematologic malignancy [3] , between 35 and 55% of bone marrow transplant recipients [4, 5] , between 41 and 50% of heart and lung transplant recipients [6, 7] and between 52 and 56% of patients with mixed immunosuppression [8] [9] [10] . The duration of symptoms, type and duration of immunosuppression, timing of bronchoscopy, use of prophylactic and empiric antimicrobial therapy, and the presence of endemic infections vary significantly across populations and likely impact reported yields.
In our prior study we observed a positive yield from BAL samples in 55.8% of immunosuppressed patients [9] . Since our reporting, there have been advances in microbiologic detection via PCR (polymerase chain reaction) with greater sensitivity for detection of Pneumocystis jiroveci and viral/atypical bacterial etiologies compared to conventional testing [11] [12] [13] [14] and serum (1,3)-Beta-D-Glucan testing for pneumocystis and fungal disease [15] . There are no guidelines recommending when these tests should be performed.
The clinical impact of PCR testing on immunosuppressed patients undergoing BAL has not been thoroughly evaluated. We investigated the impact of PCR testing performed on immunosuppressed patients with lower respiratory tract disease that underwent BAL testing. We hypothesized that PCR testing would lead to an increase in BAL pneumocystis and viral identification compared to conventional testing. We hypothesized the use or duration of antibiotics would not affect yield. We hypothesized viral PCR testing would lead to discontinuation of antibiotics more than pneumocystis PCR testing. We compared results and demographics to BAL performed on patients when PCR was not performed to determine whether PCR testing altered the demographics of patients undergoing bronchoscopy.
Methods
Immunosuppressed adults (> 18 years old) who underwent bronchoscopy with BAL at the University of Rochester Medical Center between 2009 and 2016 were identified using an existing bronchoscopy database. Institutional review board approval was obtained prior to data collection. Only the first bronchoscopy per patient was included. Non-BAL bronchoscopies (i.e. bronchoalveolar washes) were excluded. Patients were categorized by type of immunosuppression: HIV/AIDS, any hematologic malignancy, solid organ transplantation (SOT), or other immunosuppression (solid organ malignancy on immunosuppressive chemotherapy, prednisone 40 mg daily, or two immunosuppressant agents). Clinical characteristics for each patient were documented and included; type of immunosuppression, duration and type of antimicrobial therapy, hypoxia, fever/hypothermia, complete blood counts, and presence of new CT abnormalities (nodules, consolidation, or ground glass opacities).
Pneumocystis jiroveci was identified using an in house real time PCR assay targeting DNA specific to pneumocystis. This is a qualitative test with a quantitative threshold. It measures DNA concentration and counts the number of DNA replications cycles (cycle time) needed to produce a detectable concentration of DNA. Positivity was determined based on reaching a certain DNA threshold and the number of replication cycles required. If positivity is reached prior to 40 replications cycles the sample was considered positive. If positivity is reached after 40 replication cycles the sample was considered negative. Fewer replication cycles (cycle time) needed until positivity suggest higher burden of starting organism, whereas higher replication cycles (cycle time) needed until positivity suggests lower burden of starting organism. Viruses were identified using multiplex PCR (FilmArray Biofire) which identifies: 15 viruses (adenovirus, coronavirus (4 strains), metapneumovirus, rhinovirus/enterovirus, influenza A (3 strains), influenza B, respiratory syncytial virus, and parainfluenza 1-4) and 3 atypical bacteria (Mycoplasma pneumonia, Chlamydophila pneumonia, and Bordetella pertussis). Pneumocystis jiroveci identification by microscopy consisted of Grocott-Gomori methenamine silver stain and Calcofluor white stain, and conventional identification of viruses utilized standard culture techniques. Cytomegalovirus in HIV/AIDS [16] , herpes simplex virus without concomitant dissemination [17] , and Candida, Saccharomyces, and Penicillium species identified by culture were not considered positive.
Antimicrobial therapy was documented before and after BAL. A change in therapy was assessed seven days after BAL [9] . Antibiotics were classified as none, community acquired pneumonia coverage, or hospital acquired coverage. Anti-pneumocystis treatment was not considered antibiotic therapy.
Statistics
The student t-test and ANOVA testing were used to assess for differences between groups. Linear and logistic regression analyses were used to determine associations between clinical variables and a positive yield. Database management and analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC) with statistical significance defined as p < 0.05.
Results

Characteristics
Between 2009 and 2016 359 patients underwent BAL testing. BAL PCR testing was performed on 254 patients (249 pneumocystis and 142 multiplex). Clinical characteristics are documented in Table 1 with the majority of the patients having hematologic malignancy (59%). There was a shift in the demographics of patients that underwent BAL testing compared to [2005] [2006] [2007] [2008] . The number of HIV/AIDS patients decreased 62%, p = 0.001, and the number of other immunosuppression patients increased 380%, p = 0.001 ( Table 2 ).
Yield
A positive BAL yield occurred in 154 patients (43%), with 94% being infectious ( Table 2 ). Non-BAL testing (i.e. Blood or urine culture) was positive in 82 patients. Pneumocystis was identified in 43 patients (12%) ( Table 3 ). 56 patients (16%) had a virus identified, 57 patients 
Pneumocystis yield 2009-2016
Pneumocystis identification occurred in 43 patients (Table 3) . Identification was higher via PCR testing compared to microscopy, 35/ 249 patients (14%) vs 18/359 patients (5%) p = 0.01. This remained true when compared to 2005-2008, 14% vs 7% respectively, p = 0.01 ( Table 2 ). Ten patients (28.5%), 8 being HIV/AIDS, were positive via both microscopy and PCR testing from BAL sample (Table 3) . Positive sputum and BAL PCR testing occurred in four patients, two patients had negative sputum PCR testing but positive BAL PCR testing, and 20 patients had both negative sputum and BAL PCR testing. Compared to BAL testing sputum testing has a positive predictive value of 100%, negative predictive value of 91%, sensitivity of 67%, and specificity of 100%. In patients with paired positive sputum and BAL PCR testing we found cycle time varied. In one patient the sputum had a lower cycle time compared to BAL (34 vs 37) while another patient had a significantly higher cycle time in the sputum compared to BAL (37 vs 24). Five patients (14.2%) with positive PCR testing had multiple pathogens requiring treatment identified on BAL testing.
Pneumocystis identified in HIV/AIDS patients occurred at a lower PCR cycle time compared to non-HIV tested patients, 29 vs 38, p < 0.0001 ( Fig. 1 ). When microscopy was positive, PCR cycle times were lower, 26 vs 38, p < 0.0001. PCR positivity was more likely to be found in HIV/AIDS and other immunosuppression, p < 0.0001 ( Fig. 2) . PCR testing increased identification compared to microscopy in patients with hematologic malignancy [14 (9%) vs 4 (2%), p = 0.001] and other immunosuppression [12 (24%) vs 1 (1%), p < 0.0001] but did not alter the rate of identification in patients with HIV/AIDS [8 (47%) vs 13 (45%)] or in patients that had undergone SOT [1 (4%) vs 0]. Duration of non-prophylactic antibiotics prior to bronchoscopy did not affect pneumocystis identification (p = 0.47) ( Fig. 3 ). Fifty-four patients were on pneumocystis prophylaxis (15%) prior to bronchoscopy with 4 testing PCR positive (p = 0.32). No patients had recurrent pneumocystis pneumonia. Six patients had repeat bronchoscopies (6 weeks-3 years later) and repeat PCR testing was negative. 13 
Viral PCR and culture yield 2009-2016
Multiplex viral PCR from BAL testing increased detection of respiratory viruses in BAL samples compared to viral culture, 35/142 patients (25%) vs. 26/359 patients (6%), p < 0.001, specifically Influenza A/B (6 vs 1, p < 0.001) and respiratory syncytial virus (4 vs 2, p = 0.03). There was no difference in BAL viral PCR yield based on the type of immunosuppression, p = 0.74 ( Fig. 2) or duration of antibiotics, p = 0.27 ( Fig. 3 ). Viral culture identified cytomegalovirus in eight non-HIV patients. Eight patients (23%) with positive viral PCR testing from BAL had multiple pathogens identified (seven bacteria and aspergillus twice). Five out of the six patients diagnosed with influenza had received the influenza vaccine. Two patients diagnosed with 
Associations with positive pneumocystis and viral BAL PCR yield 2009-2016
Univariate analysis identified that HIV/AIDS (OR 6.7, 2.4-19.0, p < 0.001), other immunosuppression (OR 2.5, 1.14-5.46, p = 0.02), and ground glass opacities on CT imaging (OR 3.55, 1.39-9.04, p = 0.008) were associated with detection of pneumocystis by PCR. Multivariate analysis confirmed that HIV/AIDS (OR 13.2, 3.43-50.51, p= < 0.001), other immunosuppression (OR 4.02, 1.62-9.99, p = 0.003) and ground glass opacities on CT imaging (OR 4.55, 1.64-12.65, p = 0.004) were associated with positive pneumocystis PCR testing (Table 4 ). Univariate analysis also showed that hematologic malignancy (0.34, 0.16-0.70, p = 0.003), CT imaging with primarily nodular disease (OR 0.32, 0.14-0.75, p = 0.008), and outpatient bronchoscopy (0.19, 0.04-0.81, p = 0.02) were associated with negative pneumocystis PCR testing. Multivariate analysis confirmed that hematologic malignancy (0.29, 0.13-0.67, p = 0.003), CT imaging demonstrating primarily nodular disease (OR 0.42, 0.16-0.98, p = 0.04), and outpatient bronchoscopy (0.20, 0.04-0.91, p = 0.04) were all independently associated with negative pneumocystis PCR testing (Table 4 ). Testing performed during winter months was associated with positive viral PCR testing (OR 2.44, 1.12-5.32, p = 0.02). Allogeneic bone marrow transplant (OR 2.84, 1.53-5.26, p= < 0.001) and intubation (OR 1.93, 1.01-3.71, p = 0.04) were associated with positive viral PCR or viral culture on univariate analysis. Multivariate analysis confirmed allogeneic bone marrow transplant (OR 2.97, 1.59-5.55, p= < 0.001) and intubation (OR 2.08, 1.06-4.07, p = 0.03) Fig. 2 . Pneumocystis PCR identification varied based on immunosuppression, ANOVA p < 0.0001. post hoc testing showed pneumocystis was more likely to be found in HIV/ AIDS compared to hematologic malignacy, p = 0.001, and solid organ transplant, p = 0.002. Viral PCR identification did vary based on immunosuppression, p = 0.74. Fig. 3 . Antibiotic duration did not influence pneumocystis, p = 0.47, or viral PCR, p = 0.27, positivity. as being independently associated with positive viral PCR or viral culture (Table 4 ).
Management post bronchoscopy 2009-2016
Changes in antimicrobial therapy after BAL testing occurred in 272 patients (76%). Negative BAL testing prevented 57 (16%) patients from receiving antibiotics and 85 (24%) patients had antibiotics stopped. Antibiotics for culture negative infiltrates occurred in 131 patients (37%). Seventeen patients (49%) with positive pneumocystis PCR testing had antibiotics stopped. Three patients died in the hospital from progression of their underlying disease and the other 14 patients improved on anti-pneumocystis therapy only. Twenty-three patients (66%) started anti-pneumocystis therapy after positive PCR testing. Ten patients (29%), 5 with negative microscopy, continued on anti-pneumocystis treatment after positive PCR testing. Two patients (6%) received no treatment for pneumocystis despite having positive PCR testing. One patient died in the hospital unrelated to pneumocystis and the other patient had no follow up after discharge. Eleven patients (31%) received concomitant antibiotics along with anti-pneumocystis treatment. Seven patients (3%) had treatment stopped after negative PCR testing. In patients with negative pneumocystis PCR testing but positive (1,3)-Beta-D-Glucan testing three had anti-pneumocystis treatment continued, three patients had anti-pneumocystis treatment stopped, one patient had anti-pneumocystis treatment started, and one patient did not receive anti-pneumocystis treatment.
Sixty-three patients (44%) that underwent viral PCR testing were not on antibiotics 7 days later. There was no difference in antibiotics being stopped based on viral PCR testing results, 11 patients (73%) with positive testing and 32 patients (67%) with negative testing (p = 0.63). After positive BAL viral PCR testing 7/8 patients had antiviral therapy started (oseltamivir x 5, cidofovir, and ribavirin). After negative BAL viral testing one patient had oseltamivir discontinued.
Discussion
Our study evaluated the clinical impact of PCR testing on immunosuppressed patients undergoing BAL and the influence PCR testing had on antimicrobial changes in immunosuppressed patients. We found the addition of PCR testing of BAL fluid increased yield by 33% and likely identified pneumocystis and viruses previously missed through conventional testing. Importantly, empiric treatment with antibiotic or anti-pneumocystis therapy did not affect PCR yield. Pneumocystis PCR testing also helped to limit empiric antibiotic use in some patients with positive testing and decreased anti-pneumocystis therapy in patients with negative testing. Multiplex viral PCR had the same effect with antibiotic stewardship, and lead to the addition of specific antiviral therapies after BAL.
PCR testing has improved management of pulmonary infiltrates in immunosuppressed patient. Compared to BAL PCR testing noninvasive viral testing occurred less often, 62% of patients and pneumocystis testing occurred in 10% of patients. Multiple factors contributed to that including infectious concern, bronchoscopy setting, and timing of bronchoscopy. Multiplex PCR testing has the advantage of identifying viruses not easily cultured (i.e. coronavirus and metapneumovirus) and faster analysis compared to viral culture [12] [13] [14] 18] . Unlike pneumocystis PCR testing multiplex PCR cannot measure cycle time and determining viral burden is not possible. We recently observed discordance between nasopharyngeal and BAL samples, making BAL testing a reasonable option if clinical suspicion is high for viral infection despite negative noninvasive testing [18] . A delay in starting oseltamavir occurred in two patients because non-BAL testing did not occur. While non-BAL PCR testing can be helpful in making a diagnosis, it is less helpful excluding infections as 19% of patients with positive non-BAL PCR testing had multiple organisms identified on BAL.
Microscopy has identified pneumocystis primarily in the AIDS population [19] with PCR testing increasing pneumocystis identification in other immunosuppressed groups [11, 20] . PCR Positivity rates vary between 0 and 20% in non-BAL tested asymptomatic healthy adults [21] [22] [23] [24] and 14-68% in BAL tested samples from immunosuppressed adults with lower respiratory tract disease [20, 25, 26] . We found a 12-fold increase in pneumocystis identification using PCR in our other immunosuppressed group (connective tissues disease or solid organ transplant) and no change in our HIV/AIDS identification rate ( Table 3 ). The observed increase may be due to immunosuppressive therapies predisposing patients to infection with a lower burden of organism [27] , and may explain why microscopy is typically negative. The increase may also be due to a combination of the lack of specific prophylaxis recommendations in connective tissue disease treatment [28, 29] (only 9% of our patients in this group was on prophylaxis), the increased sensitivity of PCR testing, and the detection of reactivated latent [30] or self-limited pneumocystis infections. Based on our data PCR testing was equivalent to microscopy in diagnosing or excluding pneumocystis in HIV/AIDS patients. As a potential cost savings measure either test could be performed during BAL to diagnose or exclude pneumocystis in HIV/AIDS. Guidelines on using PCR to determine when treatment is necessary after detection of pneumocystis are currently lacking. Both Robert-Gangneux et al. (2014) and Maillet et al. (2014) found HIV/AIDS with pneumocystis pneumonia had lower PCR thresholds indicating a higher burden of organisms compared to non-HIV/AIDS patients they deemed colonized [20, 31] . We observed that HIV/AIDS and microscopy positivity had lower cycle time compared to non-HIV/AIDS and microscopy negative patients (Fig. 1) . We had six patients with PCR positivity only that had negative pneumocystis PCR testing on subsequent BAL testing. We would have expected persistent positivity if colonization occurred. We also had one patient with a cycle time difference of 13 when comparing non-BAL and BAL testing performed at the same time. This large difference makes using a single cycle time difficult in distinguishing when treatment is necessary. We think pneumocystis infection may occur on a spectrum, with high pneumocystis burden (low cycle time) requiring therapy while lower burden (high cycle time) being a self-limited process that may not requiring treatment. As this was retrospective, interpretation of management decisions is limited. Our study included two patients (5%) not treated, 11 patients (31%) treated with concomitant antibiotics along with anti-pneumocystis therapy (four with bacteria on BAL), and 17 patients (48.5%) had antibiotics stopped and treated with anti-pneumocystis therapy only after positive PCR testing. PCR testing led to the initiation of antipneumocystis therapy in 2/3 of patients after positive testing results returned. This approach limits potential toxicities [33] from empiric pneumocystis treatment. We do not think the treatment decisions made based on PCR testing affected morbidity or mortality. Importantly, in instances when BAL cannot be performed, pneumocystis therapy does not appear to decrease yield, as 28% of our patients were on pneumocystis anti-therapy prior to testing (1-4 days) and still had a positive PCR test.
There are limitations to this study. First, this was an observational study relying on data entered into the electronic medical record subject to data entry errors. Second, provider discretion influenced whether patients underwent bronchoscopy as not every patient with pulmonary infiltrates was evaluated with bronchoscopy. Third, some patients had multiple infections (pulmonary and non-pulmonary) and these other infections may have affected antimicrobial management. We could not routinely ascertain what type of infection was of greatest concern at the time of bronchoscopy. Lastly, management decisions post-bronchoscopy were often made by multiple different providers, adding to the variability in management. Further prospective evaluations are needed to better define infection rates with standardized microbiologic evaluation and the impact on management decisions.
Pulmonary infiltrates in immunosuppressed patients are a common problem, with etiologies varying depending on of the degree and type of underlying immunosuppression. Guidelines are currently lacking on microbial evaluation based on type of immunosuppression and radiographic abnormality. PCR testing on BAL samples is increasing identification of infections that previously went undiagnosed through conventional testing and allows for tailored therapy based on results. Further studies are needed to help guide when non-BAL and BAL testing should be pursued. Until further studies are completed, thoughtful microbial evaluation by clinicians remains the strongest tool to interpret the significance of testing results. Based on our findings, we propose that pneumocystis and viral PCR testing (both noninvasive and invasive) should be included in the evaluation of all immunosuppressed patients with ground glass opacities on imaging. Furthermore we propose that patients with positive pneumocystis PCR testing may actually have self-limiting infection and that pneumocystis infections may exist as a spectrum of disease. Further studies of this hypothesis are needed. Combined with clinical suspicion PCR testing can be a helpful tool in the managing infection in immunosuppressed patients.
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